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(54) Improved hot runner valve gate and method for eliminating unidirectional molecular 
orientation and weld lines from solidified resin used for forming molded articles 



(57) A valve gate injection nozzle (13) includes a 
valve stenn (12) for guiding molten resin to a molding 
area. The valve stem (1 2) Includes an input area for re- 
ceiving the molten resin, a central area following the in- 
put area for processing the molten resin and an output 
area following the central area for connection of the noz- 
zle with the molding area. The central area includes a 
first zone for splitting the molten resin into a plurality of 
streams, a second zone for mixing and homogenizing 



the molten resin, and a third zone for combing the plu- 
rality of streams and fomning recombined molten resin 
for subsequent direction in a homogenized state to the 
output area. The nozzle further includes a nozzle body 
portion (14) for enclosing the valve stem (12), wherein 
the nozzle body portion preferably includes means for 
heating the resin. An injection molding system incorpo- 
rating this nozzle as well as a method for homogenizing 
molten resin are also disclosed. 
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Description 

BACKGROUND OF THE iNVENTION 

This invention is directed to a system and method 
for the injection molding of high quality molded articles 
of various shapes, and more particularly, to a system 
and method for the molding of molded articles which 
have substantially homogenous molecular orientation 
such that they do not show unidirectional molecular ori- 
entation or weld lines, and more particularly, to such a 
molded article having an accurately located central hole- 
More particularly, the system is in the form of a hot run- 
ner valve gate nozzle which performs multiple tasks on 
molten resin to achieve a homogeneous molecular ori- 
entation of the molten resin. 

As is known in the art, during injection molding of 
articles such as PET preforms, unidirectional molecular 
orientation and weld lines are difficult to avoid using pre- 
viously developed hot runner valve gated nozzle de- 
signs. This defect of these designs presents a major 
source of concern as such weld lines and unidirectional 
orientation are potential causes for the weakness of a 
blown PET bottle that may subsequently be filled with a 
carbonated beverage under pressure, thereby increas- 
ing the risk of a container rupture. In addition, weld lines 
may also reduce the strength or have an adverse effect 
on the dimensional accuracy of injection molded preci- 
sion parts such as gears, which have a central hole, es- 
pecially those used for high load applications. Also, for 
articles used in optical applications, such as the com- 
pact disc (CD) and digital video disc (DVD), weld lines 
and unidirectional molecular orientation induce birefrin- 
gence, which is an unacceptable defect given the fact 
that information carried by pits embedded in the surfac- 
es of these discs has to be retrieved by passing a laser 
beam through the plastic substrate from which they are 
formed, from a side located opposite the pits. Injection 
molding of CDS and DVDs is even more challenging, 
considering that both of these molded articles must have 
a precisely located central hole. Ideally, CDS and DVDs 
should be molded using a sprueless injection process 
in order to save plastic resin, reduce the cycle time and 
simplify the design of the mold and the injection molding 
machine. The former developments in the art, however, 
fail to teach such a system and more particularly, fail to 
teach a hot runner valve gate nozzle and mold, and 
method which are capable of spruelessly producing 
CD's and DVD's with an acceptable birefringence level 
and within tight geometrical tolerances. 

Prior developments in the molding art discuss var- 
ious method for producing plastic articles which do not 
present weld lines or unidirectional molecular orienta- 
tion. However, these method do not provide satisfactory 
results with regard to using hot runner manifolds and 
nozzles. 

Some of the more pertinent developments in the art 
are discussed as follows. 



With the intent to reduce the contact between the 
movable stem and molten resin so as to prevent the ap- 
pearance of weld lines caused by splitting of the nrwlten 
resin around a valve stem, U.S. Patent 4,412,807 to 
5 York discloses a valve stem located parallel to the flow 
of the molten resin. The valve stem therein has very lim- 
ited contact with the r sin which is very ctose to the noz- 
zle tip. While weld lines are reduced using this design, 
a substantial core shift is introduced because the flow 
of the resin is not symmetrical with respect to the cavity 
gate and there is a tendency for the resin to preferen- 
tially fill one side of the cavity faster then the other. 

Similar to York, U.S. Patent 4,925,384 to Manner 
discloses a hot runner valve gate which also includes a 
valve stem positioned parallel to the flow of the molten 
resin. However, this stem is only in partial contact with 
the molten resin along the inner melt channel of the hot 
runner nozzle. The melt does not fully surround the 
stem, thus giving a slight improvement with respect to 
the appearance of weld lines. However, since the melt 
channel is again laterally shifted with respect to the cav- 
ity gate, some weld lines and core shift still appear. In 
addition, guiding the stem only by the upper portion 
thereof represents another drawback of this system. 

Further, U.S. Patent 5,104,307 to Brink teaches a 
valve gate stem that makes an angle with respect to the 
flow of the molten resin and acts upon a ball shaped 
closing pin. By using this design, there is no contact be- 
tween the stem and the resin. However, this design 
clearly increases the size of the hot runner nozzle, is 
very difficult to seal with respect to leakage around the 
ball shaped pin, and cannot be used in many applica- 
tions such as in cases where molded articles are to be 
formed having a precisely located central hole. 

Another approach to improve the quality of plastic 
articles and to prevent the formation of weld lines has 
been to use non-valve gated hot runner nozzles, as dis- 
closed in U.S. Patent 4,965,028 to Maus et al. An ex- 
tended reference list to patents directed to this type of 
approach is also discussed in this patent. Maus et al. 
discloses and claims a melt conditioning elements com- 
prising heating, filtering and mixing features located just 
upstream of the molded gate. These features are pro- 
posed to improve the quality of the melt and accordingly, 
the quality of the plastic article to be molded. This mixing 
feature as disclosed and Maus et al. is not entirely new 
to that disclosure and reference is accordingly made to 
German Patent Application DE3201710 Al of Gellert. 

Gellert teaches a generic twisted strip located in the 
nozzle which is used to produce turbulence and to re- 
duce uniaxial properties in the molded articles. The mix- 
ing element of Gellert is not very effective since it does 
not split and remix the molten resin flow aggressively 
enough to prevent the formation of weld lines, which are 
caused by the splitting and twisting of the incoming 
stream of molten resin into multiple streams that reach 
the cavity. The melt conditioning element of Maus et al. 
is, however, more effective as a mixer but causes a rel- 
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ativety high and non-desirable pressure drop that in- 
creases the cycle time of the injection molding machine. 
For both ofthe hot runners disclosed in Maus et al. and 
Gellert. valve gate stems are not used and accordingly, 
these devices have a substantially limited range of ap- 
plication. 

Still another approach for avoiding the unidirection- 
al molecular orientation of melt is shown in several pat- 
ents which teach different manners for inducing helical 
movement to the molten resin around the stem of a hot 
runner valve gate. Accordingly, reference is made to 
S. Patent No. 4.303.382 of Gellert that teaches three 
helical channels located in the inner wall ofthe nozzle 
that surrounds a valve stem. These channels end up just 
prior to the tip of the nozzle and are used to impose a 
cun/ing motion to the melt when it enters the mold cavity. 
While this design will avoid unidirectional molecular ori- 
entation of the molten resin, it will not prevent the for- 
mation of weld lines since the three streams of molten 
resin are not mixed together before entering the cavity. 

Other molding applications require the inducement 
of circular or helical movement of the molten resin where 
the molten resin must have a very limited amount of con- 
tact with the stem of the valve gate. Such applications 
include the simultaneous coinjection of several molten 
resins to a common gate. For example, reference is 
made to U.S. Patent No. 4.512,730 of Kudert and U.S. 
Patent No. 5,143,733 of Von Buren. Kudert teaches a 
complex hot runner nozzle design concept wherein the 
annular flow profile of each molten resin that arrives in 
the hot runner nozzle is transformed into a circular or 
helical profile that is totally separated from the valve 
gate stem. By inducing concentric movements of each 
individual resin for their simultaneous injection, the com- 
bined stream entering the cavity mold would fully sur- 
round each nozzle and accordingly, the layers of the 
streams fill the entire cavity. Von Buren teaches a differ- 
ent valve gate hot runner nozzle for coinjecting three 
resins through a single mold gate, wherein only one of 
the resins follows a quasi circular flow. With reference 
to FIG. 3, channel (104) has a helical profile that allows 
one thin stream of resin to fully surround nozzle body 
(83) for causing the same to reach the gate as a com- 
plete symmetrical molten resin stream. Neither Kudert 
nor Von Buren teach a valve gate hot runner that is ca- 
pable of effectively mixing and homogenizing a single 
stream of molten resin so as to prevent the formation of 
weld lines in the final molded product. 

With reference to U.S. Patent No. 4,340,353 to 
Mayer, U.S. Patent No. 5,324,190 to Frei and U.S. Pat- 
ent No. 5,460,763 to Asai, several sprueless injection 
molding methods for manufacturing compact discs hav- 
ing an accurate central hole are disclosed. However, no 
provision is made to avoid the appearance of weld lines 
or to avoid unidirectional molecular orientation of the 
melt. Specifically, Mayer teaches a plurality of radially 
outwardly and angularly spaced extending arms (76) 
and (78) used to guide a valve stem (74) along two sec- 



tions. These arms, together with flow opening (89) rep- 
resent obstructions of the incoming flow of molten resin, 
toward the mold cavity, which generate several melt 
lines that are visible using polarized light. Less visible 

s weld lines are expected to be generated using the de- 
sign taught in Frei and Asai since they do not have these 
kind of guiding arms disturbing the flow of the resin. 
However, neither patent teaches any means to recom- 
bine the individual streams of molten resin after they are 

10 split and prior to entering the cavity gate, so as to provide 
a viable solution for avoiding the appearance of weld 
lines. All three of these patents teach different methods 
and means to form a central hole in a time efficient and 
simple manner without discussing the high potential In 

^5 each for injecting compact discs that have weld lines 
and unidirectional molecular orientation in the solidified 
resin. 

The difficulty which arrives in removing weld lines 
caused by the interruption or splitting of the flow of plas- 

20 tic material is emphasized in U.S. Patent No. 4,942,010. 
In this patent, a simple but very limited mixing solution 
for reducing weld lines is disclosed. Further disclosure 
which indicates the difficulty in eliminating weld lines is 
found in U.S. Patent No. 4,584, 154 discussing that poly- 

25 carbonate, a material frequently used in molding CDS, 
is very sensitive to the formation of weld lines caused 
by the first splitting and then reuniting of separate 
streams. 

There exists a need, therefore, for an apparatus and 
30 method for use in sprueless injection molding opera- 
tions for molding high quality molded parts, and partic- 
ularly, high quality molded parts having a precisely lo- 
cated central hole, wherein the molded part is substan- 
tially free of solidified resin having unidirectional molec- 
55 ular orientation and which is also free of weld lines. 

SUMMARY OF THE INVENTION 

The primary object ofthis invention is to provide an 
40 improved apparatus and method for the sprueless injec- 
tion molding of high quality plastic articles. 

Another object of this invention is to provide an ap- 
paratus and method for the sprueless injection molding 
of high quality plastic articles, wherein the articles have 
45 various shapes, are made from various resins, and do 
not have weld lines. 

Yet another object of this invention is to provide an 
apparatus and method for the sprueless injection mold- 
ing of high quality plastic articles which do not have a 
50 unidirectional molecular orientation and/or weld lines. 
Still another object of this invention is to provide an 
apparatus and method for the sprueless injection mold- 
ing of high quality plastic articles having a precisely po- 
sitioned central hole and which do not have unldlrection- 
55 al molecular orientation and weld lines. 

And yet another object of this invention is to provide 
an improved apparatus and method for homogenizing 
molten plastic resin in the immediate vicinity of a mold 
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gate prior to injection into the mold. 

Still another object of this invention is to provide a 
hot runner manifold comprising an improved hot runner 
vatve gate for homogenizing molten plastic resin in the 
immediate vicinity of a mold gate. 

And still another object of this invention is to provide 
an Improved injection nozzle for use with an injection 
molding machine for molding articles with homogenized 
molten plastic resin for forming molded articles without 
weld lines and solidified resin having unidlrectbnal mo- 
lecular orientation. 

The foregoing objects are achieved by the valve 
gate injection nozzle of the present invention which in- 
cludes a valve stem for guiding molten resin to a molding 
area. The valve stem includes an input area for receiving 
the molten resin, a central area following the Input area 
for processing the molten resin and an output area fol- 
lowing the central area for connection of the nozzle with 
the molding area. The central area includes a first zone 
for splitting the molten resin into a plurality of streams, 
a second zone for mixing and homogenizing the molten 
resin, and a third zone for combining the plurality of 
streams and forming recombined molten resin for sub- 
sequent direction in a homogenized state to the output 
area. The nozzle further includes a nozzle body portion 
for enclosing the valve stem, wherein the nozzle body 
portion includes means for heating the resin. An injec- 
tion molding system incorporating this nozzle as well as 
a method for homogenizing molten resin are also dis- 
closed. 

The details of the present invention are set out in 
the following description and drawings wherein like ref- 
erence characters depict like elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a valve gate noz- 
zle according to the principles of the present Inven- 
tion for use with an injection molding machine and 
an associated nozzle for making molded articles 
having a precisely located central hole, such as 
compact and digital video discs; 
FIG. 1A is a cross-sectional view of one embodi- 
ment of the entrance opening arrangement of the 
valve stem shown in FIG. 1; 
FIG. 1 B is a cross -sectional view of another embod- 
iment of the entrance opening arrangement for the 
valve stem shown in FIG. 1; 
FIG. 2 is a cross-sectional view of another embod- 
iment of a valve gate nozzle in accordance with the 
principles ofthe present invention for use in con- 
junction with an injection molding machine for mak- 
ing molded articles which are free of weld lines and/ 
or unidirectional molecular orientation; 
FIG. 3 is an elevated and partially cross-sectional 
view of a valve gate stem in accordance with the 
principles of the present invention; 
FIG. 4 Is an elevational and cross-sectional of an- 
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other embodiment of a valve gate stem in accord- 
ance with the principles of the present invention; 
FIG. 5A-5D illuslrat the method steps for forming 
a high quality molded article, such as a compact or 

5 digital video disc, in accordance with th principles 
of the present invention using the hot runner valve 
gated nozzle shown In FIG. 1 ; 
FIG. 5E is an enlarged sectional view of the open 
gate for allowing molten resin to be Injected into a 

10 mold cavity for forming a precision molded article 
such as a compact or digital video disc, in accord- 
ance with the method illustrated in FIG. 5A-5D; 
FIGS. 6A and 6B illustrate a method for molding 
precision gears in a single cavity mold using a hot 

15 runner valve gated nozzle as shown in FIG. 1, in 
accordance with the principles of the present inven- 
tion; 

FIG. 7 is a partially cross-sectional view of a multi- 
cavity mold and hot runner manifold comprising a 
20 hot runner vatve gate in accordance with the princi- 
ples of the present invention, and which includes a 
valve gate stem and a mechanism for actuating the 
valve gate stem; 

FIG. 7A is a cross-sectional view of one embodi- 
es ment of the entrance opening arrangement of the 
valve stem shown in FIG. 7, similar to that shown 
for FIG. 1A; and 

FIG. 7B is a cross-sectional view of another embod- 
iment of the entrance opening arrangement for the 
30 valve stem shown in FIG. 7. similar to that shown 
for FIG. 1B. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

35 

Referring now to the drawings in detail, there is 
shown In FIG. la cross-sectional view of a hot runner 
valve gate, designated generally as 10. as it works ac- 
tuated and in conjunction with machine nozzle 11 of an 

40 injection molding machine (not shown), in accordance 
with the principles of the present invention. In general, 
hot runner valve gate 10 comprises injection nozzle 13 
and includes a valve gate stem 12 located in an elon- 
gated cylindrically shaped nozzle body 1 4, wherein noz- 

45 zle body 14 is made of a heat conductive material and 
is surrounded by lower heating elements 16 and upper 
heating elements 18, which are used to maintain the 
molten resin at the optima! temperature required by the 
injection molding process. 

so Valve gate stem 12 includes an inner melt conduit 
20 which allows for the free access of the injected mol- 
ten resin inside the nozzle body 14. As is further shown 
generally in FIG. 1 , upper heating elements 18 are sur- 
rounding by a spring 22 which is used to maintain a tight- 

55 ly sealed contact between the entrance end 24 of valve 
gate stem 1 2 and a molten resin sequential feeding de- 
vice, such as injection molding machine nozzle 11, for 
feeding resin Into inner melt conduit 20. During the in- 
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jection molding prcxess. valve gate stem 12 is axially 
displaced within nozzle body 14 so as to allow the flow 
and shut off the flow of molten resin into the cavity mold. 

Valve gate stem 12 in accordance with the princi- 
ples of the present invention includes a plurality of inno- 
vative design features which contribute to the substan- 
tial elimination of weld lines and/or of unidirectional mo- 
lecular orientation of the molten resin used to form a 
molded plastic article. Referring to FIG. 2, valve stem 
12 is shown as including a plurality of functional axial 
zones which are used to substantially accomplish the 
elimination of weld lines and/or the disruption of unidi- 
rectional molecular orientation of the resin therein, in the 
final molded product. In accordance with the following 
description, the plurality of functional zones uniquely 
function together in creating a stream splitting, three- 
dimensional mixing and recombination technique for 
substantially homogenizing molten resin flowing adja- 
cently thereto. These zones include radial splitting zone 
R, first mixing zone M1, second mixing zone f^2, straight 
zone S, and flow cut-off zone O. 

Accordingly, and also referring to FIG. 2, molten 
resin enters under pressure inner melt conduit 20 and 
travels substantially undisturbed over a distance L until 
it reaches a radial melt splitter 26 in a first radial splitting 
zone R . Melt splitter 26 has been specially designed to 
provide substantially no pressure drop of the molten res- 
in downstream of melt conduit 20 and thus to maintain 
a high molding cycle time. In one preferred embodiment, 
melt splitter 26 comprises a plurality, and in this embod- 
iment, preferably three annular melt conduits 28, 30 and 
32. defined initially by entrance openings 33. as shown 
in FIGS. 1 A and 1B. These conduits 28, 30 and 32 are 
angularly spaced in valve stem 1 2. All three conduits 28, 
30 and 32 of radial melt splitter 26 are in direct fluid com- 
munication with outer surface 34 of valve gate stem 12. 

As shown in FIG. 1 A, the molten resin may be split 
into at least two, and preferably three or more individual 
streams using radially spaced orifices or entrance open- 
ings 33 that are made exterior to the stem, i.e. between 
the stem 12 and the nozzle body 14. Alternatively, as 
shown in FIG. 1B, the streams of molten resin may be 
lead fully into the stem before directing them outside to- 
wards the helical channels. That is, the entrance open- 
ings 33 in FIG. 1 A are fully formed within the body of the 
stem and are not formed in part by nozzle body 14. 

Accordingly, incoming molten resin which reaches 
radial melt splitter 26 as one tubular flow stream, and 
which carries the heat history of the entire travel of the 
streams through the manifold and nozzle of the injection 
molding machine, is divided by radial melt splitter 26 into 
a plurality of equal streams, and preferably three 
streams in accordance with conduits 28, 30 and 32 with- 
out inducing any pressure drop to the molten resin. Ac- 
cordingly, three streams of molten resin simultaneously 
reach outer surface 34 at the beginning of the first mixing 
zone Ml of valve gate stem 12. Since no pressure loss 
occurs, each stream of molten resin is forced by the 



pressure to enter one of helical inner channels 36, which 
are precisely formed in outer surface 34 of valve gate 
stem 12 along first mixing zone Ml , as shown in FIGS. 
1 and 2. Mixing zone Ml of valve gate stem 1 2 is tapered 

5 starting from the upper end of area T and down to the 
upper end of second mixing zone M2. The taper of area 
T continues through second mixing zone M2, to straight 
zone S. Due to the tapering of valve gate 12 in mixing 
zone Ml starting in tapered area T, over a portion of the 

10 axial length of helical channels 36, a certain amount of 
molten resin from each stream undergoing a helical trav- 
el in mixing zone Ml is injected over barrier flights 38 
separating the helical channels. Accordingly, a three-di- 
mensional mixing process occurs. That is, in addition to 

T5 the helical displacement of the molten resin along the 
three different helical channels, the nrravement of the 
molten resin over barrier flights 38 creates a mixing 
process for portions of the individual streams injected 
over the barrier flights, while the remaining portions of 

20 the individual streams continues its helical path. Even- 
tually, in zone M2 and tapered area T1, which is a 
smoothly tapered area without the helical channels, a 
single homogenized stream of molten resin is formed, 
having circular flow which fully surrounds the outer sur- 

25 face of valve gate stem 12. In this manner, molten resin 
as a singular circular flow stream resides for a short pe- 
riod of time between nozzle body 1 4 and valve gate stem 
12 at lower tapered area T1 as a single homogenized 
molten stream that substantially does not include any 

30 resin having unidirectional molecular orientation. 

As shown in FIGS. 1 and 2, tapered area T ends 
with an outwardly extending dam 40 which functions to 
partially obstruct and as a result thereof, partially send 
backward the homogenized molten resin into tapered 

35 area T, prior to the entrance of the homogenized molten 
resin into the straight zone S of valve gate stem 12. In 
this manner, further mixing of the molten resin is 
achieved so as to further assure the elimination of uni- 
directional molecular orientation. Accordingly, in straight 

40 zone S a single stream of highly homogenized molten 
resin surrounds valve gate stem 12 and is now properly 
prepared and directed for injection into mold cavity 54, 
shown schematically in FIG. 1 . In this respect, the highly 
homogenized molten resin residing for a short period of- 

45 time in straight zone S does not have unidirectional mo- 
lecular orientation and when injected into moid cavity 
54, does not exhibit any weld lines that usually appear 
using formerly developed hot runners and their respec- 
tive valve gates. 

so A final cut-off zone O is also provided, as shown in 
FIG. 2 (and more clearly in FIG. 5E). for shutting off the 
gate and the flow of molten resin to mold cavity 54. Ac- 
cordingly, zone O preferably comprises a circular sur- 
face having a diameter for nearly engaging the inner di- 

55 ameter of nozzle housing 14. for cutting off the flow of 
molten resin through nozzle housing 14, adjacent valve 
gate stem 12 into the mold cavity 54. Therefore, upon 
the upward actuation of valve stem 1 2 into nozzle hous- 
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ing 14, as describ d below with reference to FIGS. 5A- 
5D. cut-off zon O substantially engages the inner di- 
ameter of housing 14 for cutting off molten resin flow 

As shown in FIG. 1. valve gate injection nozzle 13 
also includes a tip 44 around which th homogenized 
molten resin flows into mold cavity 54. Tip 44 is used in 
molding situations wherein the injection nozzle 13 is to 
be used to make molded articles requiring a precisely 
positioned central hole, such as in the production of 
compact and digital video discs and precision gears, 
which also require and/or are preferably formed form 
molten resin having homogeneous molecular orienta- 
tion. Accordingly, the gate injection nozzle 1 3 shown in 
FIG. 1 is very suitable for injecting polycarbonates and 
excellent results have been obtained for such applica- 
tions, providing the sprueless injection molding of com- 
pact and digital audio discs having no weld lines caused 
by a stream splitting. 

Referring now to FIG. 3, a valve gate injection noz- 
zle 11 3 is shown which has a design very similar to valve 
gate injection nozzle 13 shown in FIG. 1. The primary 
and substantially only difference between valve gate in- 
jection nozzle 113 and valve gate injection nozzle 13 is 
the lack oftip 44 and the substitution therefor of a further 
tapered area TT after straight zone S instead oftip 44. 
Accordingly, tapered zone TT forms tip 1 46 which allows 
for the flow of molten resin from straight zone S in the 
very homogenized state to mold cavity 154 without the 
formation of a precisely aligned central hole. 

Referring now to FIG. 4, a valve gate injection noz- 
zle 213 is shown which is similar to the embodiment 
shown in FIGS. 1 and 3 and is preferably used for In- 
jecting plastic materials that are less sensitive to the in- 
ducement therein of unidirectional molecular orientation 
during the injection molding process. Accordingly, this 
nozzle could be used to eliminate such unidirectional 
molecular orientation and associated weld lines when 
materials that are less sensitive to these undesirable 
features, are used. The primary difference between 
valve gate stem 212 and valve gate stems 12 and 112, 
discussed above, is that valve gate stem 212 does not 
include the tapered zones and the dam on the outer sur- 
face thereof. That is, after mixing zone M. a straight zone 
S immediately follows, as shown in FIG. 4. Preferably, 
however, the helical path of helical channels 236 has a 
more aggressive geometry that improves mixing in the 
mixing zone M and cylindrical zone S between nozzle 
body 214 and valve stem 212. According to the helical 
turns of channels 236, these turns are more severe and 
the helical path nrtore compact, as shown. 

Referring now to FIGS. 5A-5D, a method for precise 
and molecularly homogeneous injection molding of 
compact and digital video discs is shown, using the 
valve gate injection nozzle as discussed above with ref- 
erence to FIGS. 1 and 2. In accordance with the follow- 
ing method, an innovative mixing and homogenizing 
means is shown that contributes to the success of injec- 
tion molding compact and digital video discs which tack 



weld lines and unidirectional molecular orientation, in re- 
producible cycle times. 

Referring now FIG. 5A, to begin injection molding, 
the injection mold comprising core side 50 and cavity 

5 mold 42 ar moved to a closed position prior to the in- 
jection step. Also, the machine nozzle 11 is in sealed 
contact with valv stem 12 at entrance end 24, which 
contact is permanently maintained by compression 
spring 22 during the entire molding cycle time. An injec- 

10 Won unit (not shown) is equipped with double acting 
stroke cylinders, while a hot runner hydraulic cylinder 
52 is double action. Accordingly, when the front cham- 
ber (not shown) of the injection unit stroke cylinder is 
pressurized, the injection unit including nozzle 13 is 

IS forced to retract. The rear chamber of the injection unit 
is pressurized with hydraulic pressure which causes the 
injection unit and nozzle 13 to move forward along dis- 
tance K so as to open the mold gate via the advance- 
ment of valve gate stem 1 2 and tip portion 44 into cavity 

20 mold 42, as shown in FIG. 5B. In this position no contact 
is achieved until piston 52 is pushed fonward by pres- 
sure, as shown in FIG. 5B. Also, valve gate stem 12 and 
hydraulic actuator 56 are in sealed contact caused by 
the mechanical pressure generated between these ele- 

25 ments, which prevents leakage of molten resin. As 
shown in the enlarged cross sectional view of the mold 
gate in the open position, FIG. 5E, molten resin is al- 
lowed to fill mold cavity 54 under pressure from the ma- 
chine nozzle which forces the molten resin in a helical 

30 movement through mixing zone M of stem 12. In order 
to reduce heat coming from stem 12, cooling fluid F is 
brought via cooling conduit 58 and circulated within hol- 
lowed core 60 of hydraulic actuator 56. FIG. 5C repre- 
sents the next step wherein machine nozzle 11, shown 

35 best in FIG. 1, is retracted and opposed fluid pressure 
is applied to hydraulic cylinder 52, in port A, in order to 
advance hydraulic actuator 56 in a follow-up movement 
together with the back retraction of stem 12 which is 
pushed by spring force. The controlled advancement of 

40 actuator 56 through mold cavity 54 is intended to create 
a smooth and accurate sprueless central hole in the in- 
jection molding disc that remains in the mold for final 
cooling before being injected using an injection mecha- 
nism. The final step is shown in FIG. 5D, wherein when 

45 the mold opens and cylinder 52 retracts, disc 62 is re- 
leased. 

Referring now to FIGS. 6A and 6B, a method similar 
to that as discussed for FIGS. 5A-5E, using actuator 56 
(which may be hydraulic, spring actuated, or pneumatic, 

50 or any other desirable means) , can be used to Inject a 
different type of resin for forming a precision gear 66, 
which has a precisely located central hole. While bire- 
fringence is not an issue for this type of application, both 
avoiding weld lines and coring of the central hole can 

55 be advantageously achieved using the same apparatus 
described with respect to FIGS. 1 and 2 and FIGS. 5A- 
5E, for making compact and digital video discs. 

Referring now to FIGS. 7, 7A, and 7B, valve gate 
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injection nozzle 31 3, similar to as discussed above with 
reference to FIG. 3. is shown in use with a multi-cavity 
mold and a hot runner manifold used to produce high 
quality PET preforms for forming thin walled containers, 
wherein the avoidance of weld lines and unidirectional 
molecular orientation is desired but a central hole is not. 
In this embodiment, the actuation of valve gate stem 312 
is done by hydraulic or air pistons 370 independent of 
the injection molding machine, representing a difference 
between this embodiment and the previous embodi- 
ments as discussed above. Other wise, the operation of 
the FIG. 7 embodiment is similar to as that discussed 
above for FIGS, 5A-5E and similar numerals designate 
similar elements. FIGS. 7A and 7B, similar to FIGS. 1 A 
and 1 6, are representative of the various arrangements 
of entrance holes 333. For a detailed description of the 
nozzle and related elements, as shown In FIG. 7, refer- 
ence is made to U.S. Patent No. 4,173,448 to Rees et 
a!., assigned to the assignee of the present invention . 
which is hereby incorporated in total by reference. How- 
ever, instead of rod 29 shown therein, valve stem 312 
of the present invention, as described in detail above 
with further reference to valve stems 12 and 112. is 
used. Valve stem 312 includes an extended shut-off 
zone O' which is a part of the straight zone S', for func- 
tioning with the system shown In Rees et al, for cutting 
off flow of recombined molten resin to the mold cavity. 

The primary advantage ofthls invention is that an 
improved apparatus and method is provided for the 
sprueless injection molding of high quality plastic arti- 
cles. Another advantage of this invention is that an ap- 
paratus and method is provided for the sprueless injec- 
tion molding of high quality plastic articles, wherein the 
articles have various shapes, are made from various 
resins, and do not have weld lines. Yet another advan- 
tage of this invention is that an apparatus and method 
is provided for the sprueless injection molding of high 
quality plastic articles which do not have a unidirectional 
molecular orientation and/or weld lines. Still another ad- 
vantage of this invention is that an apparatus and meth- 
od is provided for the sprueless injection molding of high 
quality plastic articles having a precisely positioned cen- 
tral hole and which do not have unidirectional molecular 
orientation and weld lines. And yet another advantage 
of this invention is that an improved apparatus and 
method is provided for homogenizing molten plastic res- 
in in the immediate vicinity of a mold gate prior to injec- 
tion into the mold. Still another advantage of this inven- 
tion is that a hot runner nnanifold is provided which com- 
prises an improved hot runner valve gate for homoge- 
nizing molten plastic resin in the immediate vicinity of a 
mold gate. And still another advantage of this invention 
is that an Improved injection nozzle is provided for use 
with an injection molding machine for molding articles 
with homogenized molten plastic resin for forming mold- 
ed articles without weld lines and solidified resin having 
unidirectional molecular orientation. 

It is to be understood that the invention is not limited 



to the illustrations described and shown herein, which 
are deemed to be merely illustrative of the best noodes 
of carrying out the invention, and which are susceptible 
of mcxiification of form, size, arrangement of parts and 
5 details of operation. The invention rather is intended to 
encompass all such modifications which are within its 
spirit and scope as defined by the claims. 



10 Claims 

1. A valve gate injection nozzle, comprising: 

a valve stem means (12, 112, 212, 312) for 

IS guiding molten resin to a molding area, said 

valve stem means including an input area for 
receiving said molten resin, a central area fol- 
lowing said input area for processing said mol- 
ten resin and an output area following said cen- 

20 tral area for connection of said nozzle with said 

molding area, said central area including a first 
zone means for splitting said molten resin into 
a plurality of streams, a second zone means for 
mixing and homogenizing said molten resin, 

25 and a third zone means for combining said plu- 

rality of streams and fonning recombined and 
substantially homogenized molten resin for 
subsequent direction to said output area; and 
a nozzle body portion (14, 114, 214, 314) en- 

30 closing said valve stem means. 

2. The valve gate injection nozzle according to claim 

1 , wherein said second zone means comprises a 
plurality of helical channels (36, 236), wherein said 

35 molten resin flows through said helical channels, 
and wherein said second zone means preferably 
further comprises said plurality of helical channels 
including molten resin exit ports formed in an outer 
wall of said valve stem means and said nozzle body 

40 portion forming a molten resin mixing area in con- 
junction with said outer wall for mixing said molten 
resin as said molten resin flows through said exit 
• ports. 

45 3. The valve gate Injection nozzle according to claim 

2, wherein said nozzle body portion (14, 114, 214, 
314) includes an Inner wall surrounding said valve 
stem means (12, 112, 212, 312), said Inner wall 
spaced from said outer wall of said valve stem 

so means and forming said mixing area. 

4. The valve gate injection nozzle according to claim 
2 or 3, wherein said plurality of helical channels (36, 
236) include barrier flights (38), wherein a portion 
ss of said molten resin flowing in each of said plurality 
of helical channels is injected over said barrier 
flights for mixing said plurality of streams of said 
molten resin flowing in said plurality of helical chan- 
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nels, and wherein said second zone means is pref- 
erably tapered toward said output area such that 
said portion ot said molten resin in each of said plu- 
rality of helical channels escapes said plurality of 
helical channels and is injected over said barrier 
flights. 

5. The valve gate injection nozzle according to on of 
the claims 1 to 4. wherein said first zone means 
comprises a radial molten resin splitter (26), and 
wherein said radial molten resin splitter preferably 
comprises a plurality of entrance openings (33. 333) 
for receiving said molten resin from said input area, 
and wherein each of said plurality of entrance open- 
ings is preferably associated with one of said plu- 
rality of helical channels for transporting said molten 
resin through said valve stem means. 

6. The valve gate injection nozzle according to one of 
the claims 1 to 5, wherein said third zone means 
includes means for partially sending said molten 
resin back to said second zone means for enhanc- 
ing mixing, and wherein said means for partially 
sending preferably comprises a partial dam posi- 
tioned at substantially an end of said second zone 
means. 

7. The valve gate injection nozzle according to one of 
the claims 1 to 6, wherein said third zone means 
comprises a substantially tapered section which ex- 
tends to said output area for combining said plurality 
of streams and forming recombined substantially 
homogenized molten resin for subsequent direction 
to said output area. 

8. The valve gate injection nozzle according to one of 
the claims 1 to 7, wherein : 

said first zone means comprises a plurality of 
openings (33, 333) each for receiving a portion 
of said molten resin for initiating the formation 
of separate ones of said plurality of streams of 
said molten resin; 

said second zone means comprises a plurality 
of helical channels (36, 236), wherein each of 
said plurality of helical channels Is connected 
to one of said plurality of openings (133, 333) 
for receiving said molten resin and forming said 
separate ones of said plurality of streams for 
use in homogenizing said molten resin; and 
said third zone means comprises a substantial- 
ly straight section extending from said second 
zone means to said output area for receiving 
and combining molten resin from said plurality 
of streams and forming a substantially homog- 
enized recombined molten resin for subse- 
quent direction to said output area, and wherein 
said output area preferably comprises means 



for forming a precisely located and shaped hole 
in an article to be molded in said molding area, 
and wherein said means for forming preferably 
comprises a tip area shaped for forming said 
5 hole. 

9. The valve gate injection nozzle according to one of 
the claims 1 to 8 , wherein said first zone means for 
splitting comprises a plurality of entrance openings 

10 (33. 333) in said valve stem means (1 2. 11 2, 21 2, 
312). wherein said plurality of entrance openings 
are in fluid communication with said input area, and 
wherein said plurality of entrance openings are pref- 
erably fully defined in said valve stem means. 

15 

10. The valve gate injection nozzle according to claim 
9. wherein said nozzle body portion (14, 114, 214. 
314) includes an inside surface, and wherein said 
plurality of entrance openings (33. 333) are defined 

20 between said valve stem means and said inside 
surface. 

11. An injection molding system for processing molten 
resin to have a substantially homogenized orienta- 
ls tion and for molding an article having substantially 

no weld lines, comprising: 

source means for supplying molten resin; 
an injection nozzle (13. 113, 213. 313) which 

30 receives said molten resin from said source 

means, said nozzle including; 
a valve stem means (12, 112. 212. 312) for 
guiding said molten resin to a molding area, 
said valve stem means including an input area 

35 for receiving said molten resin, a central area 

following said input area for processing said 
molten resin and an output area following said 
central area for connection of said nozzle with 
said molding area, said central area including 

40 a first zone means for splitting said molten resin 

into a plurality of streams, a second zone 
means for mixing and homogenizing said mol- 
ten resin, and a third zone means for combining 
said plurality of streams and forming substan- 

45 tially homogenized recombined molten resin for 

subsequent direction to said output area; and 
a nozzle body portion (14, 114, 214, 314) en- 
closing said valve stem means; 
means for actuating said valve stem means 

50 within said nozzle body portion; and 

a mold defining said molding area, said mold 
adapted to receive said molten resin from said 
nozzle for forming an article substantially free 
of weld lines, wherein said molten resin is ho- 

55 mogenized. 

12. The system according to claim 11, wherein said 
means for actuating comprises a piston / cylinder 
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mecanism, preferably furlher including means for 
opening and closing said mold, wherein said piston / 
cylinder mechanism is independent of said means for 
opening and closing. 

13. The system according to claim 11 or 12, wherein 
said second zon means comprises a mixing zone 
with a plurality of helical channels (36. 236), where- 
in said molten resin flows through said plurality of 
helical channels, and wherein said plurality of heli- 
cal channels preferably include molten resin exit 
ports formed in an outer wall of said valve stem 
means and said nozzle body portion forming a mol- 
ten resin mixing area in conjunction with said outer 
wail for mixing said molten resin as said molten res- 
in flows through said exit ports. 

14. The system according to claim 13, wherein said 
nozzle body portion (14, 114, 214, 314) includes an 
inner wall surrounding said valve stem means (12, 
112,21 2, 31 2), said inner wall spaced from said out- 
er wall of said valve stem means and forming said 
mixing area, and wherein said plurality of helical 
channels preferably include barrier flights (38), 
wherein a portion of said molten resin flowing in 
each of said plurality of helical channels Is injected 
over said barrier flights for individually mixing por- 
tions of said plurality of streams of said molten resin 
flowing in said plurality of helical channels, and 
wherein said second zone means is preferably ta- 
pered toward said output area such that said portion 
of said molten resin in each of said plurality of helical 
channels escapes said plurality of helical channels 
and is injected over said barrier flights. 

15. The system according toone of the claims 11 to 14, 
wherein said first zone means comprises a radial 
molten resin splitter (26), and wherein said radial 
molten resin splitter preferably comprises a plurality 
of entrance opening (33, 333) for receiving said 
molten resin from said input area, and wherein each 
of said plurality of entrance openings is preferably 
associated with a separate one of said plurality of 
helical channels for transporting said molten resin 
through said valve stem means. 

1 6. The system according to one of the claims 1 1 to 1 5, 
wherein said third zone means includes means for 
partially sending said molten resin back to said sec- 
ond zone means for enhancing mixing, and wherein 
said means for sending preferably comprises a par- 
tial dam positioned at substantially an end of said 
second zone means, and wherein said third zone 
means preferably comprises a substantialty ta- 
pered section for combining said plurality of 
streams for forming substantially homogenized re- 
combined molten resin for subsequent direction to 
said output area. 



17. The system according toone of the claims 11 to 16, 
wherein: 

said first zon means comprises a plurality of 
5 openings ach for receiving a portion of said 

molten resin for initiating the formation of said 
plurality of streams of said molten resin; 
said second zone means comprises a plurality 
of helical channels (36, 236), wherein each of 
10 said plurality of helical channels is connected 

to one of said plurality of openings for receiving 
said molten resin and forming said plurality of 
streams for use in homogenizing said molten 
resin; and 

15 said third zone means comprises a section ex- 

tending from said second zone means to said 
output area for combining said plurality of 
streams and forming recombined and substan- 
tially homogenized molten resin for subsequent 

20 direction to said output area, and wherein said 

output area preferably comprises means for 
forming a precisely located and shaped hole in 
an article to be molded in said molding area, 
and wherein said means for forming preferably 

25 comprises a tip area shaped for forming said 

hole. 

18. The system according to one of the claims 1 1 to 1 7, 
wherein said first zone means for splitting compris- 

30 es a plurality of entrance openings (33, 333) in said 
valve stem means (12, 112, 212. 312). wherein said 
entrance openings are in fluid communication with 
said input area, and wherein said plurality of en- 
trance openings are preferably fully defined in said 

35 valve stem means, and wherein said nozzle body 
portion preferably includes an inside surface, and 
wherein said entrance openings are defined be- 
tween said valve stem means and said inside sur- 
face. 

40 

1 9. The system according to one of the claims 1 1 to 1 8, 
further including a fourth zone means for directing 
said recombined molten resin to said output area, 
and further preferably comprising a fifth zone 

45 means for cutting off flow ofsaid molten resin to said 
output area. 

20. An injection molding method for processing molten 
resin to have a substantially homogenized molecu- 

50 lar orientation and for molding an article having sub- 
stantially no weld lines, comprising the steps of: 

supplying molten resin; 
splitting said molten resin into a plurality of in- 
55 dividual streams; 

mixing said plurality of individual streams and 

homogenizing said molten resin; 

directing said molten resin in an homogenized 
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state to a molding area; and 
forming said article substantially free of weld 
lines from honrtogenized molten resin formed in 
said step of mixing. 

21. The method according to claim 20, wherein said 
step of mixing and homogenizing includes moving 
said plurality of Individual streams of said molten 
resin in a helical pattern, and further preferably in- 
cluding the step of allowing a portion of said molten 
resin in each of said plurality of individual streams 
to exit said helical pattern for individually mixing 
said plurality of individual streams of said molten 
resin while said plurality of individual streams are 
flowing In said helical pattern. 

22. The method according to claim 21 , wherein said 
step of moving includes moving said individual 
streams through helically oriented channels of a 
valve stem, and wherein said step of splitting pref- 
erably includes said valve stem receiving a portion 
of said molten resin in each of a plurality of entrance 
openings which lead to said helically oriented chan- 
nels. 

23. The method according to one of the claims 20 to 22, 
further including the step of interrupting flow of a 
portion of said molten resin for enhanced mixing pri- 
or to said step of directing. 

24. The method according to one of the claims 20 to 23, 
wherein said step of directing includes the step of 
providing for substantially non turbulent flow of said 
molten resin in a substantially homogenized state 
to said molding area. 

25. The method according to one of the claims 20 to 24. 
wherein: 

said step of splitting includes the step of moving 
said molten resin into a valve stem having a plu- 
rality of entrance openings, each of said plural- 
ity of entrance openings for receiving a portion 
of said molten resin for initiating the formation 
of separate streams of said molten resin; 
said step of mixing and homogenizing means 
comprises said valve stem including a plurality 
of helical channels for moving said separate 
streams in said helical pattern, wherein each of 
said plurality of helical channels is connected 
to one of said plurality of entrance openings for 
receiving said molten resin and forming said 
separate streams for use in homogenizing said 
molten resin; and 

said step of directing including directing said 
molten resin from said separate streams in a 
substantially straight direction to said molding 
area and in a substantially homogenized state, 



and wherein said step of forming preferably in- 
cludes forming a precisely located and shaped 
hole in an article to be molded in said molding 
area. 

26. The method according to one of the claims 20 to 25, 
wherein said article is at least one of a compact disc, 
a digital video disc, and a gear. 
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FIG. 3 
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FIG. 4 



14 



EP 0 825 008 A2 



24 11 




FIG. 5A 
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FIG. 5D 
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FIG. 5E 
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